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To enter lext, click in the box and lyry your response. If a box already conlains an entry select the entry and tltpe
the replacement. You can use the tab W to move ftom one Jield to the next. To selecl a check box, click in the bor or

we an x.

GENERALINI'ORMATION

GENWAL Resources, Inc.

Mav 13. 2008
cl01s1032

Permitte Name
Mine Name
Operator Name

(If other then permittee)
Permit Expiration Date
Permit Number
Authorized Representative Titl e
Phone Number
Fan Number
E-mail Address
Mailing Address
Designated Representative
Resident Agent

1$esident Agent Mailing Address
fumber of Binders Submitted
-

Dave Shaver, Resident
(435) 888-4017
(43s) 888-4002
dshaverl2coal source. com
P.O. Box 1077, Price. Utah 84501
Dave Shaver
Dave Shaver
P.O. Box 1077. Price. Utah 84501
(2) l-Salt Lake Office and l-Price Field Office

IDENTIFICATION OF OTH[',R PER]\{ITS
Identify other pennits that are rcquired in conjunction with mining and reclamation activities'

Other

Pemit ID Number tion Exniration l)ate

MSHA Mine ID(s) 42-01715 Crandall Canvon Mine N/A
South Crandall Mine

MSHA Impoundment(s) N/A

NPDESruPDES Permit(s) ur0024368 UPDES Permit lU30t20t0

PSD Permit(s) (Air) DAQE-N0225003-03 Crandall Canyon N/A
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CERTIFMDREPORTS
List the eertified inspection reports as required by the rules and udder the approved plan thot must be

periodically submitted t the Division. Specify whether the information is included as AppendA A b this report
or currently on file with the Division

Certified Reports:

Excess Spoil Piles
Refuse Piles
Impoundments
Other

Iechnical Data:
v

Climatologlcal

Subsidence Monitoring

Vegetation Monitoring

Raptor Survey

Soils Monitoring

Water Monitoring
First quarter

Second quarter

Third quarter

Fourth quarter

Geological / Geophysical

Engineering

Non Coal Waste i
Abandoned Underground
Equipment*
Ofher Data

Included or on file with DOGM CommentsRequired
Yes No
TX
TX
XN

Included
Tn
X

On File
tr

Appendix An
Tun

f
NT
TT

Included or
Included

X

on file with DOGM
On file
l

Comments

Appendix B

T
T
X
ln
X
X
X
X
Tn
T

Appendix B

Report by Erik Petersen

NTNT-T 
N I T-[ r [ [nn

ffi been abandoned during 2006, an ame,ndment must be submitted that includes a mq
showing its tocation, a description ofwhat was abandoned, whetha there were any hazardous or toxic mderials and any

REPORTING OF OTHnR TECHIVICAL DATA
List other technical data and information as lequired under the apprwed plan, which mwt be

periodically submitted to the Division Specifl whether the information is included as Appendix B to this report
or cttrrently on file with the Division

Req
Yes
X
X
T
X
l
X
X
X
X
X
l
T
l

red
No
T
l
X
T
X
T
T
l
Tn
X
X
X

X
fnn
Xn
T
Tn
Tr
l

revision to the PHC as necessary.
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Legal / Financial Update

Deparfinent of Commerce,
Annual Report Officers

Other

LEGAL, FINANCIAI4 COMPLIANCE AND RELATED INT'ORMATION
Change in administation or corporate stnrcture can ortm bring about necessary changes to

informationfound in the mining and reclamation plan. The Division is Requesting that each Pennittee rcview

ind update ihe legat, financial, compliance and related information in the plan as part of the annual report.
pleaie prwide the Departmmt of Commerce, Annnl Report of fficers, or other equivalert information as

necessiry to ensure that the irformation provided in the plan is current. Prwide any other change as

necessary regarding land ownership, lease acquisitions, legal results from appeals ofviolations, or other

changes-as necessiry to update information required in the mining and reclamation plan lrcfude certified

lnaicial statementi, audits or worksheets, vhich ntoy be required to meet bonding requirernenrc. Specify-v,hether 
the information is currently on file v,ith the Division or included as Appendk C to the report-

Required Included or on File with DOGM Comments

Yes No Included On file

XT f X

Tu
T

MII\TEMAPS
Copies ofmine nnps, current and up-to-date through at least December 3l, 2006, are to be provided to

the Division as Appendix D to this report in accordance with the rcquirements of R 645-301-525.240- These

map copies shatl be made in accordance ttith 30 CFR 75.1200 as required by IVAHA. Upon request, the

Division shall lreep mine maps confidet lial. Please provide a CD-

Map Number(s) Map Title/ Description

Appendix D Crandall Canyon Mine

South Crandall - Blind Canyon Seam
South Crandall - Hiawatha Senm

n
T
tr

Tn
T

ln
T

Confidential
Yes No
XT
XT
XT
NTun
TT
nl
TI
Tf
ln
TT
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OTHERII\TFORMATION
Please provifu any comments offurther information to be included as part of the Anmnl Report. Any

other attachments are to be provided as Appendit E to this report. If information is submitted as a group rather
then by individual mine, please identify each of the mine's data in the list below.

Additional attachment to this report? Yes I NoX

O :\FORMS\Annual rpt\Annual. doc
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APPENDD( A

Certified Reports

Excess Spoil Piles
Refuse Piles

Impoundments

As required under R645-301-514

CONTENTS

ANNUAL IMPOUNDMENT INSPECTION



POND: LOCATION: Crandall

(1) Stabitity S/opes Sfable.

(2) Stru ct u ral Wea kness/Ercsion None Nofed.

(3) Potential Safety Hazards None Noted.

(4) Depth of lmpounded Water * 8.48 ft. (Surface Frozen)

(5) Existing Sforage Capacity 1.87 acre feet.

(6) Monitoing Procedurcs UPDES Discharge Point.
Quarteily lnspec'tion.

GENWAT RESOURCES, INC.
2006 ANNUAL POND ,,VSPECTION REPORT

* Based on depth measurement through hole in ice..

STATEMENT

I hereby certify that; I am experienced in ffie construction of impoundments; I am qualifted
and authorized in the State of lJ,tah to inspect and certify the condition and appsarance of
impoundments in accordance with the ceftified and approved designs for this strucfitre; that the
impoundment has been maintained in accordance with approyed design and meels- or exceeds
the minimum design requirements under all applicablef,ederal, sfafe and local regulations; and,
that inspections and inspection repofts are made by myself and include any aPpearances of
instability, weaftness or other hazardous conditions of the structure affecting stability.

(Srgn

11/27/06

(7) Sediment Arcumulation (Elevation) 7767.00

(8) Sediment Cleanout Level (Elevation) 7769.04

p) Pnnciple Spillway (Elevation) 7780.81

(1 0) Emergency Spillway (Elevation) 7781.81

(11) Existing Sediment Capacity
(To Cleanout)

0.213 acre feet.

(Date)
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APPENDD( B

Reporting of Technical Data

Including monitoring data, reports, maps, and other information
As required under the approved plan or as required by the Division

ln accordance with the requirement ofR645-310-130 and R645-301-140

CONTENTS

PRECIPITATION LOG

SUBSIDENCE MONITORING AND MAP

WATER DATA ANALYSIS
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GIS Climate Search

Date I

2006-01-01 422424
200G01-02 422424
200G01-03 422424
200G01-04 422424
200G01-05 422424

200G01-06 422424
200G01-07 422424
200G01-08 422424
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200G01-23 422424
200G01-24 422424
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200G01-26 422424
200Got-27 422424
2005-01-28 422424
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htQ://dlmte@rf.@.edu/prcduct /ortputdpTtab=dt (r of 9) [4lU2O7 12:09:34 Fu]
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htts://dimta@rf.

200601-31 422424
200G02{1 422424
200s02-02 422424
200ffi2{3 422424
200602-04 422424
200602{s 422424
200602-06 422424
2@6'0247 422424
200G02-08 422424
20ne.O2-09 472424
200G02-10 422424
2@G02-11 422424
20oG02-12 422424
200602-13 422424
2CK)il2-14 422424
200&02-1s 422424
200G02-15 422424
2006'02-17 422424
200ffi2-18 422424
200ffi2-19 422424
200s02-20 41^424
200ffi2-2r 422424
2W6-02-22 422424
200G02-23 422424
2ffiffi2-24 422424
2WGO2-25 422424
200602-26 422424
2mffi2-27 422424
200ffi2-28 422424
2006-03-01 422424
200ffi3-02 422424
200ffi3-03 422424
2006'03-04 422424
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200G03-06 422424
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200G0308 422424
200G03-{F 42:2424
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ETECTRIC I.AKE
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ETECTRTC LAKE
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EI.SCTRIC I.AKE

EIfCTRIC I.AXE

ETEC1RIC I.AXE
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ELECTRIC LAKE

ETECTRIC |jXE
EI.ECTRIC IAKE
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AECTRIC I.AKE
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httsV/dimte@rf.@ ed'/prcdu6/@trnphp?bb=dt (3 of 9) [4/2f2m7 P:@:34 Ffi]
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200s05-06
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l6
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200605.18
200G0s-r9
200G05-20
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200G05-23

200G05-26
200G.0s-27

200ffi5-29

200&0603

2006-{r-tl6

200G0G08

ETECTRIC I.AKE
ETECTRIC I.AKE
EI.ECTRIC I.AKE
ETECTRIC I.AKE
ETECIRIC I.AKE
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EI.ECTRIC I.AKE
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ETECTRIC I-AKE
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200ffi-10
I

200ffi12
200G0G13
2AOGffi-14
200G0G15
200&0G16
200G0G17
200G0G18
200G0G19
200GoG20
2MF.OFZI
200&0622
200G0623
200GoG24
20060G25

ETECTRIC LAKE
ETECTRIC I.AKE
ETECTRIC I.AKE
ETECTRIC LAKE
EI.ECTRIC LAKE

ETECTRIC I.AKE
EI.ECTRIC LAKE
EI.ECIRIC I-AKE
EI.ECTRIC LAKE
BTCTRIC LAKE

EI,ECTRIC LAKE
ELECIRIC LAKE
ELECTRIC I.AKE
EI.ECTRIC I.AKE
EI.ECIRIC I.AKE
ELECTRIC TAKE
ELfCTRIC IAKE
ELECTRIC I.AKE
EI,ECTRIC I-AKE
ETEC1RIC I.AXE
EI.ECTRIC IAKE
NECTRIC I.AKE
ETECTRIC I.AKE
EI.ECTRIC I.AKE
ETECTRIC I-AKE
EI.ECTRIC LAKE
EIECTRIC LAKE
EI.ECTRIC I"AKE
EI.ECTRIC LAKE
EIECTRIC I.AKE
EI.ECTRIC LAKE
EI,ECTRIC I.AKE
EI.ECTRJC I.AKE
ELECTRIC I,AKE
EI.ECTRIC I.AKE
EI.ECTRIC I.AKE
EI.ECTRIC LAKE
ETECTRIC I.AKE
EI.SCTRIC I.AKE
EI.ECTRIC I.AKE
ELECTRIC LAKE
ELECTRIC I.AKE
EI.ECTRIC LAKE

2@ffiF27
200GoG28
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200ffi7-01
2mffi742
2@G07-03
200G07-04
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2ffi6-07-22

200G07-24

2W6.07-26

200G07-28
200G07-29
200G07-a)

200G0&01
20060s02
200G08{3
2006.08-{t4
200G0&0s
200608{6
2(nG08-07
200G0&08
200G0&09

422424
422424
42:2424
422424
422424
422424
422424
422424
422424
422424
422424
422424
422424
422424
422424
422424
422424
422424
422424
422424
422424
422424
422424
422424
422424
422424
422424
422424
422424
422424
422424
4U424
422424
422424
422424
422424
422424
422424
422424
422424
422424
422424
422424

200G0&u
20060&12
2006{&13
20060&14
200G08-1s
2006.08-16
zX)Go&17
2@G0&18
200G0&19
200G0&20
2$6-0$21
200&0&22
200G0&23
200G0&24
200G0&2s
200fr)&26
20060&27
200e0&28

EIECTRIC LAKE
EI.ECTRIC I.AKE
EIECIRIC I.AKE
NECTRIC LAKE
EIECIRIC LAKE
EI,ECTRIC I.AKE
EIECIRIC LAKE
E-ECTRIC LAKE
ETECIRIC I.AKE
ETECTRIC LAKE
EI.ECTRIC LAKE
EI.ECTRIC I.AKE
EI,ECTRIC LAKE

EIECTRIC I.AKE
EI,ECTRIC I.AXE
EI.ECTRIC I.AKE
ETECTRIC I.AKE
ELECTRIC I.AKE
A-ECTRIC I.AKE
ETECTRIC I.AKE
EI,ECTRIC I.AKE
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PIIERSEN HNNOI-OGIC, LLC

27 MarchZWT

Mr. Dave Shaver
Utah American Energy, Inc.
P.O. Box rc77
Price, Utah 84501

Dave,

At your reques! we have produced this Annual Hydrologic Monitoring Report for the
Crandall Canyon Mine for the year 2006. This report is based on hydrologic monitoring
information collected during 2006 and submitted to the Utatr Division of Oil, Gas and
Mining. Water samples for baseline laboratory water quality parameters were collected
and analyzed during 2W6.

Other than the permitted discharge of mine water to Crandall Creek, there arie no
indications that mining-related impacts to the hydrologic balance in the rnine permit irea
have occurred,

If you have any questions in this rlgard, please feel free to contact me.

Sincerely z .,

Erik C. Petersen, P.G.
Principal Hydrogeologist t- - J  - '  - 9 - - - - 9 - - -  

! ;  _

Utah PG No. 5373615-2250

2695 N. 600 E. LEHI, IJrAH A4O43 (eo 1)76,6,4006



PETERSEN HYDROLOGIC, LLC

Summary of Hydrologic Monitoring at the

Utah American Enerry, Inc.

Crandall Canyon Mine

During 2406

Introduction

Hydrologic monitoring at the Utah American Energy, Inc. Crandall Canyon Mine was

carried out in 2006 in accordance with the hydrologic monitoring plan as approved by the

Utah Division of Oil, Gas and Mining (DOGN{). Hydrologrc monitoring locations ile shown

on Figure l. All 2006 hydrologic monitoring data have been entered into the DOGM on-line

electronic database. The purpose of this document is to present and summarizethe results of

the 2006 hydrologic monitoring.

Including this introduction, this report contains the following sections:

. Introduction
o Methods of Study
o Climate
. Presentation of Data
. Spring Monitoring Summary
. Stream Monitoring Summary
. In-Mine Monitoring Summary
. Mine Discharge Monitoring Summary
o Conclusions

o Summary of 2OO6 Hydrologic
Monitoring at the Utatr American
Energy,Inc. Crandall
Canyon Mine

27lvIarchz00T



PETERSEN HYDROLOGIC, LLC

Methods of Study

The specific methods of study used to collect the 2006 hydrologic monitoring data are

described below.

Dis charge M easurements

Discharge measurements for springs were perfiormed using a calibrated container and a

stopwatch. Generally, spring discharge measurements were performed by darnming and

diverting the spring discharge through a pipe. Using an appropriately sized container, time-

to-fill measurements were typically performed at least 3 times at each location. An average

time-to-fill value was used to calculate the reported discharge measurement. At some spring

locations with large discharge rates, spring discharge measurements were performed using a

90o v-notch weir, or using cross-sectional area - curent velocity techniques. Discharge

measurements at Indian Creek, upper Crandall Creek, and lower Crandall Creek were

perfiormed using the existing, permanently installed 3-foot Parshall flumes, or using a

current-velocity meter and wading rod. Discharge measurements during high-flow periods in

Blind Canyon Creek were performed using the existing l2-inch Parshall Flume. Discharge

measurements at other stream monitoring stations were performed using either a portable 3-

inch Parshall flume, current-velocity meter and wading rod, portable 90-degree v-notch weir,

or a stopwatch and calibrated container as appropriate. Discharge measurements and

calculations were performed using standard U.S. Bureau of Reclamation methods.

Summary of 2006 Hydrologic
Monitoring at the Utah American
Energy,Inc. Crandall
Canyon Mine
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D i s charge Tem p erature M e a surem ent s

Temperature measurements were performed using a Taylor brand electronic digital

thermometer. Discharge temperature measurements at springs were performed as close to

the spring discharge locations as possible. Sfream temperature measurements were

performed, where possible, in a shaded, actively flowing portion of the stream.

Sp e c ifi c C onduct anc e M e asur em ent s

Specific conductance measurements were performed using an Extech brand model EC400

conductivity meter with automatic temperature compensation. The instrument was regularly

calibrated using traceable ASTM conductivity standard solutions.

pH Measurements

pH Measurements were performed using an Oakton brand Acorn 6 model electronic pH

meter with automatic temperature compensation. The instrument was regularly calibrated

using fraceable ASTM pH standard solutions.

D is s olv e d Oxy gen M e asurem ent s

Dissolved oxygen measurements were perfonned using a YSI brand model 55 dissolved

oxygen meter. The meter was routinely calibrated using atnospheric oxygen calibration

methods.

Summary of 2006 Hydrologic
Monitoring at the Utatr American
Energy,Inc. Crandall
Canyon Mine
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Water Quality Laboratory Measurements

Water quality laboratory analyses were perfonned by SGS Mineral Services of Huntington,

Utatl, a Utah State certified water analysis laboratory. Infonnation regilding laboratory

standard analytical methods and procedures used and laboratory detection limits has been

entered into the DOGM on-line database.

Climate

A plot of the Palmer Hydrologic Drought Index for Utah Region 4 is presented in Figrre 2.

The PIIDI is a monthly value generated by the National Climatic Data Center that indicates

wet and dry spells. The PHDI is calculated from several hydrologic parameters including

precipitation, temperafure, evapotranspiration, soil water recharge, soil water loss, and

runoff. Consequently, it is a useful tool for evaluating the relationship between climate and

groundwater and surface water discharge data. The PHDI is useful for determining whether

variations in spring and stream discharge rates are the result of climatic variability or

whether they are the result of other factors.

It is apparent in Figure 2 that, beginning in late 2004, the region fransitioned from the

previous 3-year period of drought into a period of wetness. During 2005 the region

experienced a period of continuous severe to extreme wetness. Climatic conditions during

2006 were not as wet as in 2005, with generally mild to moderately wet conditions occurring

throughout the year.

Presentation of Data

Summary of 2006 Hydrologic
Monitoring at the Utah American
Energy,Inc. Crandall
Canyon Mine
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The results of the 2006 hydrologic monitoring, including discharge measurements, laboratory

water quality parameters, and field water quality data are presented in tabular form in Table

I . Hydrologic monitoring locations are shown on Figure I . A plot of the Palmer Hydrologic

Drought Index (PI{DI) for Utatr Region 4 is presented in Figure 2. A compilation of historic

discharge and water quality data for springs, sfieams, and in-mine locations is presented in

Table 2. A summary of water-quality and discharge datafrom the Crandall Canyon Mine

workings (UPDES 002) and from the sediment pond at the mine surface facilities (IJPDES

001) is presented in Table 3. Time series plots of specific conductance, pH, and discharge

for each of the regular water-monitoring sites, together with plots of the PIIDI for Utah

Region 4 are included at the end of this report.

Operational monitoring of eight spring sites (LB-5A, LB-7 ,LB-7 A, LB-7B, LB-7C,LB-12,

SP-79, and Liule Bear Spring) and six sfieam sites (Little Bear Creek, Section 4 Creek,

Section 5 Creek, Section 5 Creek U. R. Fork, Section 5 Creek U. L. Fork, and IBC-I)

associated \Mith the new South Crandall Lease area began in 2005 and continued in 2046.

Also commencing in 2005 and continuing in 2006 was operational monitoring of trvo spring

sites (SP-l8 and SP-22) and one stream monitoring site (Shingle Creek) in the Shingle

Canyon drainage (Figure 1).

During the ls quarter of 2006, heavy snow-cover prohibited access to the high-elevation

spring and stream monitoring sites on East Mountain and in upper Joes Valley. Most sfreaut

monitoring sites in the Huntington Canyon drainage were accessed during the 1$ quarter.

Springs SP-30 and SP-36 were able to be monitored in late March 2006 when snow cover on

the south facing hillsides in Crandall Canyon had melted. Little Bear Spring (which is

Summary of 2006 Hydrologic
Monitoring at the Utah American
Energy,Inc. Crandall
Canyon Mne
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monitored at an access/diversion point in the spring discharge pipeline in Huntington

Canyon) was also monitored in the l$ quarter, as was SP-79, which is located in the Section

4 Creek drainage adjacent to Huntington Creek (Figure l). UPDES discharge and the

accessible in-mine monitoring locations were also accessed during the I't quarter of 2006.

All of the regular above-ground monitoring stations were accessed and monitored during the

2nu,3'u, and 4ft quarters of 2006.

ln-mine monitoring sites MW-l and DH-l were monitored during 2AA6. All other in-mine

sites are either located in portions of the mine that were sealed/not accessible during 2006, or

have been rendered unable to be monitored as a result of mine flooding or mining operations.

Spring Monitoring Summary

ln accordance with the approved monitoring plan, 23 springs were monitored for discharge

and field and laboratory water-quality parameters during 2006. Additionally, Little Bear

Spring is monitored for field and laboratory operational water quality parameters, but is not

monitored for discharge. A summary of the 2006 monitoring results for springs in the mine

permit area and adjacent is presented below.

East Mountain Springs

As specified in the water monitoring plan, eight springs on East Mountain were monitored

during 2006. These include SP2-24, SP2-9, SP47A, SPl-3, SPl-19, SPt-22, SPI-9, and

sPl-24.

Summary of 2006 Hydrologic
Monitoring at the Utah American
Energy,Inc. Crandall
Canyon Mine

27 MarchzOOT



PETERSEN HYDROLOGIC, LLC

The water quality at these springs, as indicated by field measurements of specific

conductance and pH, is similar to that monitored during previous years (see attached plots).

The solute compositions of springs SPI-9, SP2-9, and SPz-24,which are monitored for

laboratory water quality parameters as specified in the MRP, likewise are similar to previous

years (Tables I and 2). It is notable that total iron concenfiation measured at spring SPI-9

during October 2006 was 3 .07 mgl. This result is most likely atfiibutable to the inclusion of

fine suspended particulate matter that was visible entering the acidified metal sample

container during sample collection. This conclusion is supported by the lack of dissolved

iron (<0.03 mg/l) measured at the same monitoring event.

Discharge rates measured at the springs on East Mountain during the 2od quarter of 2006

were consistently somewhat less than that measured during 2005. This condition is

attributed to dryer climatic conditions the region experienced durin g 2006 relative to 2005.

Baseflow spring discharge rates measured at most East Mountain springs dwing the 4ft

quarter of 2006 were generally similar to those measured in recent years and generally

greater than those measured during the drought of the early 2000's.

There is no indication that mining-related activities have had any detrimental effects on

discharge rates or water quality of groundwater systems that support springs on East

Mountain.

Upper Joes Valley Springs

Summary of 2006 Hydrologic
Monitoring at the Utah American
Energy,Inc. Crandall
Canyon Mine
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As specified in the monitoring plan, three springs in Upper Joes Valley were monitored

during 2006. These include SPl-33, SPI-47, and SP2-l . These springs were all monitored

during the 2'd, 3'd, and 4tr quarters of 2006. Heavy snowpack in upper Joes Valley

prohibited access during the l$ quarter of 2006.

Water quality at the Upper Joes Valley springs, as indicated by field measurements of

specific conductance and pH, was similar to that monitored during previous years (see

attached plots). The solute composition of spring SPI-33, which is monitored quarterly for

laboratory water quality parameters as specified in the MRP, is likewise similar to that of

previous years (Tables I and 2).

Peak discharge rates measured at springs SPl-33 and SP2-l during 2006 were somewhat less

than those measured in 2005, reflecting the dryer climatic conditions the region experienced

in 2006 relative to 2005 (Figure 2). Peak discharge measured at SPI -47 in2006 was similar

to or somewhat greater than that measured in 2005 (Table 2). This trend of increasing

discharge at the spring is consistent with that measured in recent years and may be indicative

of a delayed response to the recent wet climatic conditions. It should be noted, however, that

the uncharacteristically high discharge measured at SP1-47 on 2l November 2006 (80.7

gpm) was clearly a direct result of copious, active snowmelt at and in the adjacent areas at

the time of sampling. Consequently, this discharge rate is not representative of actual

groundwater discharge rates from the alluvial groundwater system that supports SPl-47.

Summary of 2006 Hydrologic
Monitoring at the Utah American
Energy,Inc. Crandall
Canyon Mine
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There is no indication that mining-related activities have had any detrimental impacts to the

water quality or water quantity of groundwater systems that support springs in Upper Joes

Valley.

Crandall Canyon Springs

As specified in the water monitoring plan, three springs were monitored in Crandall Canyon

during 2006. These include SP-30, SP-36, and SP-58. Springs SP-30 and SP-36 were

monitored in the lo,2nu,3'd, and 4ft quarters of 2006. Spring SP-58 was monitored in the

first three quarters of 2006, but was inaccessible in the l$ quarter due to the snowpack and

winter-like conditions in Crandall Canyon above the mine.

Discharge rates measured at spring SP-30 during 2006 increased moderately relative to those

measured in recent years (Table 1). The increased discharge from SP-30 is likely in response

to the increased wefiress the region experienced during2005 and 2006. Discharge rates

measured at SP-36 and SP-58 were similar to those measured in previous years. Pronounced

seasonal variation was apparent in discharge rates at both SP-36 and SP-58. Although

discharges from these springs during 2006 were similarto those of previous years, is

apparent that the groundwater systems that support these springs have not responded

appreciably to the recent frend toward wetter climatic conditions in the region.

Water quality at the Crandall Canyon springs, as indicated by field measurements of specific

conductance and pH, was similar to that monitored during previous years (see attached

plots). The solute compositions of springs SP-36 and SP-58, which are monitored quarterly

Summary of 2006 Hydrologic
Monitoring at the Utah American
Energy,Inc. Crandall
Canyon Mine
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I for laboratory water quality parameters as specified in the MRP, likewise are generally

similar to previous yeaffi (Tables I nd 2). During 2003 it was noted that the concentration

of sulfate in discharge from spring SP-58 had increased somewhat relative to that of previous

years (Table 2). Sulfate concentrations measured at SP-58 during 2006 were again

somewhat greater than those measured in recent years, with similar or somewhat greater

concentrations that those measured during 2005 (Table 2). It is suspected that the recent

elevated sulfate concentrations may be related to the prolonged drought conditions the region

recently experienced. As discussed above, SP-58, has not responded appreciably to the

recentwet conditions the region is experiencing. It seems likely that were an influx of low-

TDS recharge water to reach SP-58, sulfate concenfrations would likely decline. It is

important to note that sulfate concentrations have increased recently at other stream and

spring monitoring stations in the surrounding areas, suggesting that the occulrence at SP-58

is not an isolated occurrence and is likely not attributable to mining activities at the Crandall

Canyon Mine. Water quality at spring SP-58 will continue to be closely monitored during

2007 to further evaluate conditions at the spring.

There is no indication that mining-related activities have had significant detrimental impacts

to the water quality or quantity of groundwater systems that support springs in Crandall

Canyon.

South Crandall Area Springs

As part of the recent permit revision that included the new South Crandall Lease atea, eight

springs were added to the water monitoring progriun in 2005. These include, Little Bear
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Spring, LB-5A, LB-7 ,LB-7 A,LB-78, LB-7C,LB-12, and SP-79 (Figore l). Little Bear

Spring is located near the mouth of Little Bear Canyon and is developed s and piped to

adjacent municipalities for use as municipal water. Spring LB-12 seeps from the Blackhawk

Fonnation near the bottom of Little Bear Canyon. Spring LB-5A discharges from the

Blackhawk Formation on the north slope of Little Bear Canyon. Springs LB-7 , LB-7A, LB-

zB,LB-lC discharge near the contact of the Blackfiawk Formation with the overlying

Castlegate Sandstone. Spring SP-79 discharges in the canyon bottom near the mouth of an

unnamed stream drainage (Section 4 Creek) immediately north of Little Bear Canyon.

Spring Discharge rates are measured quarterly at all of these springs with the exception of

Little Bear Spriog. Discharge measurements at Little Bear Spring are not practical due to the

developed nature of the spring for municipal use. Discharge at Little Bear Spring is routinely

measured (monthly) by the Castle Valley Special Service District. While Discharge rates at

Little Bear Spring typically range from about 200 go 400 gpm, discharges from the other

springs in the South Crandall Lease area are generally meager. Discharges measured at LB-

5A and LB-7 during 2005 and 2006 were generally between about I and 3 gpm. Discharges

atLB-l2,LB-7 A,LB-78, and LB-7C are typically much less than I gpm (Table 1).

Discharge at SP-79 is usually less than about 1.5 gpm. It is notable that discharges measured

at all of the South Crandall Area springs in 2006 were generally somewh at greater than those

measured in 2005 (Table 2).

Laboratory water quality measurements and field parameters are performed at Little Bear

Spring, SP-79 and at spring LB-5A. Discharge meunurements and field water quality

measurements only are performed at the other five springs. Recent discharge measurements
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and field water quality parameters for these springs are plotted on the attached sheets. It is

apparent in these plots and in Tables I that field water quality at these springs is similar to

that measured at other springs in the Crandall Canyon Mine area.

There is no indication of any mining-related impacts to water quality or discharge rates in the

South Crandall Area springs.

Shingle Canyon Area Springs

Springs SP- l8 and SP-22 were added the water monitoring plan in conjunction with recent

permit amendments. SP-l8 discharges from the hillside above the upper Left Fork of

Shingle Canyon (Figure l). SP-22 discharges from the bottom of the stream channel in the

upper Right Fork of Shingle Creek (Figure l). Monitoring at both springs is for field water

quality parameters and discharge rate. Discharge from both springs is meager (Table 2) and

the discharge measured during 2006 at both springs is less than that measured during the

wetter climatic conditions in 2005. It should be noted that during the winter of 2004,mass

movement of the hillside at SP-18 occurred and the saturated clayey sediments slumped

down the hill toward the creek, obscuring the spring discharge area. During 2005, discharge

at SP-l8 was relatively constant at about0.2 gpm. There was no measurable discharge from

SP-I8 during 2006. Based on field observations, it seems probable that the lack of discharge

from SP-18 during 2006 is primarily a result of the spring discharge area being obscured

with the clayey slump deposits and perhaps also to the dryer climatic conditions the region

experienced durin g 2006 relative to 2005. The slump sediments in the spring ilea are

saturated with water, suggesting that groundwater discharge is likely present beneath the
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sediments. Discharge from SP-22 ranged from 0.24 gpm in September, to 0.12 gpm in

November, 2006. Based on field water quality measurements, it is apparent that water

quality at these srings is similar to other springs monitored in the Crandall Canyon Mine

area. Appreciable changes in field water quality parameters were not noted during 2006.

Stream Monitoring Summary

In accordance with the approved hydrologic monitoring plan, 12 sfream sites were monitored

for flow and water quality during 2006. These include Indian Creek in Upper Joes Valley,

Horse Canyon Creek, Blind Canyon Creek, Shingle Creek, a creek in an unnamed drainage

in Section 4 in Huntington Creek, Little Bear Canyon Creek, and six sites in the Crandall

Creek drainage.

Indian Creek

Discharge rate and field water quality measurements were performed on Indian Creek during

the 2nd, 3'd, and 4ft quarters of 2006. Located in Upper Joes Valley, the site was not

accessible during the l$ quarter because of the heavy snowpack. Discharge measured at

Indian Creek during 2006 ranged from 1,460 gpm in June to 644 gpm in late September

(Table l). While peak discharge measured in Indian Creek during 2006 was slightly less

than that measured in 2005, baseflow discharge in the creek during 2006 was somewhat

greater than that measured in 2005 (Table 2).
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Water quality in Indian Creek during 2005, as indicated by field measurements of specific

conductance and pH, was generally similar to that monitored during previous years (see

attached plots). The solute composition of Indian Creek monitored during 2005 was similar

to that measured in previous years (Table 2). There are no changes in discharge rates or to

water quality that would suggest that any mining-related impacts have occurred in Indian

Creek.

Horse Canyon Creek

Horse Canyon Creek, which is monitored nea.r the confluence with Huntington Creek (Figure

l), was monitored during the 1s, 2o0,3'o,and 4ft quarters of 2006. Discharge in Horse

Canyon Creek monitored during 2006 win appreciably less than that measured in 2005

(reflecting the more dry climatic conditions the region experienced during2006), ranging

from 337 gpm during June to 99 gpm in March (Table l). Baseflow discharge in Horse

Canyon Creek was considerably greater in 2006 than in 2005 (Table 2).

Water quality in Horse Canyon Creek during 20A5, as indicated by field measurements of

specific conductance and pH, was similar to that monitored during previous years (see

atiached plots). The solute composition of Horse Canyon Creek monitored during 2006 was

also generally similar to that measured in previous years (Table 2). It was noted in 2003 that

the sulfate concentrations measured in Horse Canyon Creek had increased somewhat, likely

in response to the prolonged period of drought (i.e., resulting from a smaller input of low-

TDS snowmelt water relative to the drought-resistant baseflow component). As anticipated,

sulfate concenfiations in Horse Canyon Creek during 2005 were substantially lower than
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those measured during 2003 and 2004, (particularly during the high-runoff season, when the

sulfate concentration was only l l mg/l) suggesting that the elevated sulfate concentrations

observed previously were likely drought-related. This trend continued in 2006, with

generally lower sulfate concentrations in the sfream water (Table 2).

There are no changes in discharge rate or to water quality that would suggest that any mining

related impacts have occurred in Horse Canyon Creek.

Blind Canyon Creek

Blind Canyon Creek, which is monitored near the confluence with Huntington Creek (Figure

1), was monitored during the lo,2'u,3'd, and 4ft quarters of 2006. Discharge in Blind

Canyon Creek monitored during 2006 ranged from 287 gpm during June to 62 gpm in March

(Table l). The springtime discharge rate measured in June 2006 is considerably less than

that measured in May 2005 (reflecting the dryer climatic conditions the region experienced

during 2005 relative to 2006), while the baseflow discharge measured in somewhat greater

than that measured in 2006.

Water quality in Blind Canyon Creek, as indicated by field measurements of specific

conductance and pH, was similar to that monitored during previous years (see attached

plots). The solute composition of Blind Canyon Creek monitored during 2006 was likewise

similar to that measured in previous years (Table 2).
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There are no changes in discharge rate or water quality that would suggest that any mining

related impacts have occurred in Blind Canyon Creek.

Shingle Canyon Creek

Monitoring in Shingle Creek, a small drainagejust above Crandall Canyon @igure l),has

been added to the monitoring plan in conjunction with recent permit amendments. Shingle

Creek is monitored a short distance above the mouth of the canyon for discharge and field

water quality parameters. Discharge in the drainage is typically meager. During June 2005,

a period of exfreme wetness in the region, discharge in Shingle Creek was only 20.2 gpm.

During the summer and fall months, discharge ranged from about 6 to 13 gpm. During 2004,

the June discharge was also meager, at about 18 gpm. By July 2004,the sfream was dry.

During 2006 discharge rates in the creek ranged from a high of I 1.0 gpm in June to a low of

4.51 gpm in late September.

Water quality monitored during 2006, as indicated by field water quality measurements, was

similar to that measured during 2005 and similar to that other streams in the Crandall Canyon

Mine area.

Little Bear Canyon Creek

Monitoring in Little Bear Canyon Creek, a small drainage about 1% miles below Crandall

Canyon (Figure l), has been added to the monitoring plan in conjunction with recent permit

amendments. Little Bear Canyon Creek is monitored a short distance above the confluence

with Huntington Creek. Discharge in Little Bear Canyon Creek during 2005 was meager.
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During much of the y€ff, the sffeam channel was dry (Table 1). Discharge measured in July

and September was only about 7 Wm. During 2006 discharge from the stream ranged from

27 .l gpm during June to no apparent discharge in March.

Water quality in Little Bear Canyon Creek during 2006 was similar to that measured in 2005

and is similar to that of other streams in the Crandall Canyon Mine area.

Section 4 Creek

Monitoring in Section 4 Creek, a small drainage about t/omile below Crandall Canyon

(Figure l), has been added to the monitoring plan in conjunction with recent permit

amendments. Section 4 Creek is monitored near the confluence with Huntington Creek.

Discharge at Section 4 Creek is meager. Discharge measured during 2005 ranged from no

flow during June, to7.l gpm in March (Table 1). During 2006 discharge ranged from 3.57

gpm in June to 6.73 gpm in late September. It is somewhat unusual that discharge at the

creek apparently is lower during the springtime, increasing as the year progresses. This

condition is likely due to interactions between surface waters and groundwaters in the thick

alluvial sediments in the mouth of the canyon.

Water quality in Section 4 Creek during 2006 was similar to that measured during 2005 and

is generally similar to that at other sfieams in the Crandall Canyon Mine area, although TDS

concentrations are somewh at greater in the creek than are most other nearby creeks (Table

l ) .
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Crandall Canyon Drainage

Crandall Canyon Creek Upper Flume

The upper flume in Crandall Canyon Creek is located above the mine surface facilities in

Crandall Canyon. This station was monitored during all four quarters of 2006. The

discharge measured at the upper flume ranged from 868 gpm in June to 152 gpm in March.

The high-flow discharge rates at the upper flume in Crandall Canyon Creek were appreciably

less than those measured during 2005,which is reflective of the dryer climatic conditions the

regions experienced during2006 relative to 2005. Baseflow discharge rates in Crandall

Canyon Creek were appreciably greater than those measured in previous years, which is

likely due to gradual recovery from the prolonged drought of the early 2000's.

Water quality at the upper flume in Crandall Creek during 2005, as indicated by field

msasurements of specific conductance and pH, was generally similar to that monitored

during previous years (see Table 2 and attached plots). It was observed in 2003 that sulfate

concenfiations measured at the upper flume were somewhat elevated relative to previous

years. Sulfate concenfiations measured during 2005 during and after the high spring runoff

event were lower than in recent years. This supports the conclusion that the elevated sulfate

concentations in upper Crandall Creek (and other sfieams and springs in the area) are likely

primarily attributable to the recent profiacted regional drought. Sulfate concentrations

measured in 2006 were generally similar to those measured in 2005 (Table 2).

There are no changes in discharge rate or water quality in upper Crandall Canyon Creek that

would suggest that any mining-related impacts have occurred.
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LOF-I Crandall Canyon Creek Lower Flume

The lower flume in Crandall Canyon Creek is located immediately below the Crandall

Canyon # I Mine discharge. The lower flume site was monitored during all four quarters of

2006. Snearn flow measured at the lower flume is a composite of Crandall Canyon Creek

water and mine discharge water. The discharge measured at the lower flume during 2005

was significantly greater than that measured in previous years, which is a reflection of the

recent period of extreme wettess the region experienced during 2005. During 2006,

discharge at the lower flume was appreciably less than in 2005 and was near the long-term

average discharge at the site. It should be noted that discharge from the Crandall Canyon

Mine (which is included in discharge at LOF-I) during was lower than that measured in

recent years (average discharge of aboutT 50 gpm).

The solute composition of steam waters at the lower flume during 2005 was similar to that

measured in previous yeils. (Although sulfate concenfiations in recent years have been

elevated slightly, which is likely attributable to the above-described conditions in upper

Crandall Creek). The permitted discharge of mine water into Crandall Canyon Creek results

in significantly increased discharge rates in Crandall Creek relative to the non-mining

condition during baseflow conditions. This is particularly evident during drought periods

when the relative contribution of water in Crandall Creek above the mine discharge point is

small. Because of the relatively good quality of the water discharged from the mine, impacts

to water quality in Crandall Creek below the mine are typically small. During2A06,the

average TDS concentrations in Crandall Creek above and below the mine were 532 and 568

mgll,respectively. This represents an increase in TDS of less thanTVo.
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IBC.I

IBC-I was added to the Crandall Canyon Mine monitoring plan in conjunction with recent

permit amendments. IBC-I is monitored quarterly for discharge and field and laboratory

water quality parameters. The drainage that is monitored at IBC-I is a tributary to the

Crandall Creek drainage and is located adjacent to the mine surface facilities, imrnediately

south of the existing UPF-I monitoring site (Figure l). Discharge measured at IBC-I during

2005 ranged from about 75 gpm during May, to no-flow during March and December.

During 2006, discharge measured at IBC-I ranged from 33 gpm in June to no-flow in March.

It is noteworthy that, while the peak flow measured in 2006 was less than that measured in

2005, the baseflow in 2006 was appreciably greater than that measured in 2005 (Table 2).

Water quality monitored in the drainage during 2006 is similar to that measured in 2005 and

is generally similar to that in other sffeams in the Crandall Canyon Mine area.

Section 5 Creek

Section 5 Creek is a tributary of Crandall Creek located on the south slope of Crandall

Canyon adjacent to the lower mine facilities (Figure 1). Monitoring at Section 5 Creek

occurs about 400 feet above the mouth of the canyon, and at the upper left and right forks.

Monitoring at the main sfieam site (Section 5 Creek) is for discharge and field and laboratory

water quality parnmeters. At the upper forks, monitoring is for discharge and field water

quality parameters only.
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Discharge measured at the lower monitoring site during 2005 ranged from about 20 gpm

during June, to 0.7 gpm during November. During 2006 discharge at Section 5 Creek ranged

from 10.6 gpm in June to 7 .14 gpm in November. Baseflow measured at the sfream during

2006 was appreciably greater than that measured in 2005 (Table 2). It is noteworttry that

discharge in the creek infiltrates rapidly below the lower monitoring site and generally does

not persist in the drainage to the confluence with Crandall Creek. Discharge measured at the

upper forks during 2005 ranged from 0.55 to 5.05 gpm at the upper right fork, and from 3.73

to 13.4 gpm at the upper left fork. During 2006, discharge in the upper right fork ranged

from 4.8 gpm in September to 1.7 gpm in November. During 2006, discharge in the upper

left fork ranged from 6.17 gpm in June to 2.7 gpm in November. The variability in discharge

rates in the drainage reflects the influence of seasonal recharge in the drainage.

Water quality monitored during 2006 in Section 5 Canyon was generally similar to that

measured in 2005 and is similar to that monitored at other sfreams in the Crandall Canyon

Mine area.

In-Mine monitoring Summary

In-mine monitoring sites MW-l, and DH-l were monitored during 2006. All other in-mine

monitoring sites are either in portions of the mine that are not accessible or were rendered

inoperable as a result of mining activities. In-mine monitoring well MW-2 was previously

flooded with mine water and could not be monitored during 2006. During previous yezrs,

sites DH-I,MW-3, MW4, MW-5, MW-6, MW-6A, MW-7, and MW-8 became permanently

inaccessible or destroyed and are not available for monitoring.
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DH-I

DH-I, which is an in-mine drill hole located near the mine portals continued to be dry (slow

drip, not enough flow to monitor) durin92006 (Table 1). This site has been dry since early

1990 and conditions at the site were unchanged during2006.

MW-I

MW-l did not produce sufficient water to monitor during 2006. This condition is unchanged

from the previous several years. The water production from MW-l had been meager and

declining for several years (see Table2 and attached plots). This condition is not related to

mining activities (other than pumping the well). Rather it is a consequence of the poor

groundwater production potential of the Star Point Sandstone groundwater system in which

the well is completed.

Mine Discharge Monitoring Summary

UPDES OO2

Discharge from UPDES 002 (Crandall Canyon #1 discharge) during 2006 was somewhat

lower than that measured in recent years. The mine discharge averaged 825 gpm during

2005,and about750 gpm in 2006 (see Table 3 and attached plots). The declining discharge

from the Crandall Canyon Mine is likely attributable to the substantially diminished rates of

mining during 2005 and 2006
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TDS concentrations measured during 2006 were somewhat higher than those measured

during previous years (Table 3). Total iron and dissolved iron concentrations were generally

low during 2005 (Table 3). Total iron concenfiations were consistently less than 0.2mgll,

while dissolved iron concentations were all lower than 0.03 mg/I. Suspended solids were

typically less than laboratory detection limits (5 mgll), with a two detections of 7 mgfl

occurring during 2006 (Table 3).

UPDES OO]

There was no discharge from UPDES 001 (sediment pond discharge) during 2005.

Conclusions

. Peak discharge rates measured at sfieams and springs in the mine permit area were

commonly somewhat lower than those measured in the previous very wet year, but

were typically greaterthan those measured during the drought of the early 2000's.

Baseflow discharge rates at many spring and sfieam monitoring stations were

somewh at greater than in recent years, which is reflective of recovery from the recent

drought.

. No major changes to important water quality parameters were observed in springs,

sfieams, or in-mine locations during 2006. Some spring and sfealn locations

continued to experience modestly elevated sulfate concentrations, although sulfate

concenfiations at some of these monitoring stations were somewhat lower than those

measured recently. The elevated sulfate concentrations are likely attributable to the
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recent period of prolonged drought from which the region is still recovering, and are

likely not related to mining activities.

Other than the pennitted increase in the discharge rate to Crandall Canyon Creek

resulting from the addition of mine discharge water, there is no indication that any

mining-related impacts to the hydrologic balance occurred during 2006.
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Crandall Canyon Upper Flume
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